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Abstract 
Due to urbanization, more and more lakes are being swallowed up by the catchments of growing cities. The ecosystem of shallow, small to 
mid-sized lakes reacts very sensitively to changing environmental conditions. Water quality deteriorates as a result of sewage discharge, higher 
water extraction, and the growing inflow of urban suspended solids. Since water bodies and, in particular, lakes are very important for the 
microclimate, urban beautification and recreational purposes, they need to be protected. Therefore, many growing cities are developing 
management concepts for urban lakes. A Vietnamese–German research project developed and applied a sustainable concept to remediate urban 
shallow lakes in tropical regions. This paper provides an insight into the current situation of Hoan Kiem Lake in the center of Hanoi as well as 
other urban water bodies in Asia, and presents approaches for environmentally sound remediation and sustainable water management. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Hoan Kiem Lake is certainly the best-known lake in 
Vietnam and one of Hanoi’s major landmarks. However, its 
ecosystem and geology have not yet been investigated in 
detail. Siltation and decreased water column have been 
identified as the main problem for Hoan Kiem Lake. This has 
led to a decreasing water volume and had a serious impact on 
the aquatic ecosystem, and many endemic organisms have 
already died out. Moreover, the last remaining specimens of 
the Hoan Kiem Lake turtle (Rafetus leloii or Rafetus swinhoei) 
are highly endangered. The cultural importance of Hoan Kiem 
Lake does not permit the application of strict, state-of-the-art 
remediation methods.  
In 2007–10, an interdisciplinary Vietnamese–German 
research team consisting of biologists, geologists, 
limnologists, methods engineers and chemists investigated 
Hoan Kiem Lake. The aims of their project were to develop 
and test a desludging device for careful sludge removal, to 
identify the most sensitive parameters which could cause 
adverse effects during desludging, and to devise an 
accompanying monitoring program. 
The main technological goals were: 
x To develop data collection and signal processing methods 
for aquatic geophysical investigation technologies (a 
combination of direct current (DC) electrical and 
hydroacoustic techniques) 
x To adapt and improve the propulsion of the SediTurtle 
sediment removal system  
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x To adapt the dewatering technology to the conditions of 
tropical lake sediments and develop a control system 
related to the solid matter content of the sediment water 
mix 
x To adapt and improve in situ methods for sediment 
conditioning and the punctual flocculation of resuspended 
particles and nutrients from the water body  
x To develop a lake-internal method using carrier-fixed 
materials in order to intensify nitrification, especially in 
response to local ammonium inflow.  
1.1. Investigations of the morphology and the geological 
setting of the lake using improved geophysical methods 
The main improvements are a specially designed electrical 
electrode streamer dragged along the lakebed for high 
resolution sediment surveys and an integrated 
processing/inversion suite (GELTIS®). 
The lake was covered with a grid of a dozen profile lines 
with a total length of 5.2 km. The data were acquired quasi-
continuously along the lines with an average line-to-line-
distance of 30 m. Since the use of a combustion engine was 
prohibited, the vessel was pulled along ropes up to 550 m 
length. 
1.2. Physicochemical, hydrobiological and limnological 
investigations of the nutrient balance; study of the influence of 
sediment removal 
Investigations into the phytoplankton and toxic 
microcystine as well as of the flora and fauna were carried out 
with special consideration of the living conditions of Hoan 
Kiem Lake turtle.  
Short-term temperature variability was registered with 
Tinytag Aquatic 2 TG-4100 data loggers (Gemini Data 
Loggers, Chichester, UK). Microcystin concentrations were 
determined using ELISA kits (Biosense Laboratories, Bergen, 
Norway). 
1.3. Development of a floating biofilter system to improve the 
water quality and examine methods of in situ sediment 
remediation via calcium nitrate and ferric hydroxide 
The investigations with the Fixed Bed Floating Reactor 
(FBFR) were carried out in different lakes and ponds in 
Thailand, Lao and Vietnam. The results were approved by 
analyzing the in- and outlet values of DO, pH, ORP, EC,T 
with a WTW Multiline P4 sensor. NH4-N, NO3-N, NO2-N of 
the in- and outlet samples were measured on site with a 
HANNA- Photometer, and BOD and inorganic N were 
analyzed in a local laboratory. The in situ sediment 
remediation experiments were carried out at lab scale and in 
enclosure tests in Thailand and Vietnam. The tests included 
the application of different chemicals such as calcium nitrate 
and ferric hydroxides (Ferrosorb) in and on the sediment 
surface. 
1.4. Sediment removal system (Sediturtle) developed by Gsan 
The SediTurtle (Figure 1) is a modular desludging system 
which allows sediment to be removed from shallow water 
bodies without having to drain them. The electrically powered 
underwater scraper works according to the buoyancy 
principle. Sediment can be removed two-dimensionally and 
layer by layer with the subsequent pumping of the water-
sediment mixture. The water level of the lake remains almost 
constant because the procedure is carried out over a long 
period, with drained water being easily compensated for. 
Although the oxygen balance of the water body is not affected 
by the desludging activities, small quantities of solid matter 
are subjected to perturbation during desludging. Damage to 
flora and fauna is minimized. 
 
Figure 1: SediTurtle desludging device 
1.5. Sediment treatment and usage for composting 
A series of composting experiments was carried out under 
different conditions in order to study the composting potential 
of Hoan Kiem Lake sediments (including the optimal time 
and supplements), and to compare the results to previous 
studies [1,2,3,4]. Five different formulas of sediment and co-
substrates were tested. 1 kg of Biomix, 0.2 kg of phosphate 
and 0.1 kg of urea were added to each formula. 
Before conducting the experiments, the raw material was 
analyzed regarding its pH value, moisture, total N, total C, 
C:N, weight. 
The following formulas were used: 
 
Formular Sludge Rice husk Peat Rice straw 
CT1 100% - - - 
CT2 90% - 10% - 
CT3 96% - - 4% 
CT4 96% 4% - - 
CT5 90% 1% 9% - 
 
All experiments were carried out at the Institute of 
Environmental Technology – Vietnam Academy of Science 
and Technology. 
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2. Results and discussion 
2.1. Investigations of the sediments and the hydrogeology 
using geoelectrical methods, analyzing the water balance and 
improving the water geoelectricity 
Hoan Kiem Lake in the center of Vietnam’s capital is 
characterized by its outstanding cultural and mythological 
importance with giant turtles living in it as well as by its 
endangered ecosystem due to growing organic sediments. 
Investigations and remediation measures increasingly have to 
consider the particular local conditions. Fugro-HGN’s role 
includes collecting geological data as well as geophysical 
surveys. 
The reason for applying geophysical methods is to separate 
different sediment layers in order to prepare sediment disposal 
and to assess the geological situation. 
Figure 2 shows the morphology of HKL. The deepest point 
of the lake is situated in the western part. The water column of 
the lake is less than 1 m in over 65% of its area, emphasizing 
the need for remedial measures. The quality of gathered data 
was sufficient due to continuous, slow movement. Figure 3 
depicts samples of vertical resistivity in 2D cross-sections 
along the north–south axis of the lake. These data were used 
to derive a structural model mainly focusing on potentially 
permeable zones in the lakebed. 
In early 2010, sediment removal was in progress. For this 
purpose, Fugro-HGN provided the technical team with a 
black-white map. This map helps guide the technical 
measures for controlled sediment extraction and avoids water 
losses caused by damaged sealing layers. 
The local populace was very receptive to all the surveys and 
sampling. 
 
 
Figure 2: Echo-sounding survey results 
Figure 3: Resistivity section of one of the seven southbound profile lines. The 
results reflect a significant variation in the geological setting of the lake. High 
resistivity values in the southern part reflect the abundance of silty sediments, 
which was confirmed by the drilling results. 
2.2. Limnological investigations 
Limnological investigations were carried out monthly in 
2008 and 2009. Their main objective was to characterize the 
Hoan Kiem Lake ecosystem and in particular the habitat of 
the legendary giant softshell turtle as a reference for the 
situation after planned sediment removal. Samples were taken 
at three sites of Hoan Kiem Lake 0.2 m below the surface and 
just above the sediment for chemical (primarily nutrients and 
dissolved metals, HUS) and biological analyses (phyto- and 
zooplankton, makrozoobenthos, VAST). The fish population 
was studied once in 2009 using a cast net. Sediment cores 
were taken, separated into slices, and chemically analyzed. 
Hoan Kiem Lake is a highly eutrophic, shallow lake in a 
warm subtropical environment. Very high total phosphorus 
concentrations of up to 4.3 mg/L P and total nitrogen 
concentrations in the range of 2–20 mg/L N were measured in 
the water. The Redfield ratio (total P/total N) was mostly 
much lower than 16 and therefore N-limited phytoplankton 
growth, at least temporarily, cannot be excluded [3]. Very 
high chlorophyll concentrations between 150 and 270 μg/L 
from January to April and more than 400 μg/L in May/June 
2009 indicated extreme phytoplankton abundances. 
Microcystin-producing Microcystis spec. and other 
cyanobacteria permanently predominate, frequently form 
surface scum at calm weather, and give the lake its 
characteristic green color. High turbidity mainly caused by 
phytoplankton strongly restricts the euphotic zone depth and, 
thus, underwater light intensity is likely the most important 
growth limiting factor in HKL. ELISA tests carried out from 
July to December 2008 revealed high cell-internal microcystin 
levels with maximum values of about 40 μg/L at the end of 
the year. However, the cyanotoxin concentration in the water 
remained low. Nevertheless, cyanotoxins cannot be ruled out 
as a potential threat for the turtle’s survival [4;5].  
Probably due to intensive grazing pressure by 
planktivorous fish (cyprinids), the zooplankton mainly 
consists of small crustaceans (copepods, cladocera) and 
rotifers. Thus, top-down control of phytoplankton in HKL has 
little effect. 
 
 
Figure 4: Short-term variability of temperature differences in the shallow 
water column (T0–T1) and at the sediment-water interface (T1–TB) in the 
northern basin of HKL. Arrows mark some series of days with missing 
nighttime overturn usually following phases of transitional cooling. 
From June 2008 to January 2009, the daily temperature 
dynamics was recorded at intervals of 15 minutes at a position 
in the northern basin of HKL by means of data loggers at the 
surface (T0), a depth of 1 m just above the bed (T1), and in 
the upper sediment layer (TB). T0 was mostly higher than 
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28°C and reached daily maxima of about 34°C from June to 
September before gradually decreasing to ~15–20°C in 
December/January. 
Except in short phases with cool weather, heating of the 
surface usually resulted in strong temperature differences T0–
T1 in the late afternoon (Fig. 4). Nighttime cooling normally 
led to temperature homogeneity and mixing in the following 
early morning. However, despite the shallowness of HKL, 
there were several phases of a number of consecutive days 
without any complete mixing (some are marked by arrows in 
Fig. 4 by way of example). After the T1–TB difference was 
mostly positive until September, indicating stable 
stratification just above the sediment, it later became mainly 
negative (Fig. 4). Increasing convective exchange of 
interstitial water containing high concentrations of dissolved 
nutrients and metals with colder overlaying lake water is very 
likely under such conditions.  
Similar to the water temperature, the oxygen concentration 
and pH showed strong diurnal variations. Depending on 
irradiation intensity and wind, high oxygen concentration and 
supersaturation caused by phytoplankton photosynthesis was 
frequently observed in the upper water layers during daytime, 
particularly in the afternoon. This is also associated with a 
strong increase in pH, often exceeding pH 10. Because 
sampling usually took place before noon, oxygen 
concentrations lower than 2 mg/L were never measured above 
the sediment. However, intensive respiration due to the 
extremely high phytoplankton population has to be taken into 
account at night. Thus, strong oxygen depletion and probably 
anaerobic conditions in the deep water layers above the 
bottom in the very early morning hours before sunrise must be 
expected, especially if nighttime cooling and convective 
mixing is weak. In those situations, high NH4 concentrations 
(potentially fish-toxic at high pH) and strong P-release in the 
sediment–water interface must be expected. In situ methods 
were applied to improve the water overloaded with organic 
pollutants and nutrients.  
2.3. Investigations of the phytoplankton and the toxic 
microcystine; investigations of the flora and fauna with 
respect to the Hoan Kiem Turtle 
The microbiological investigations were carried out over 
two years. The diversity of phytoplankton (microalgae) in 
Hoan Kiem comprises 61 species of Cyanophyta, 
Chlorophyta, Diatomae and Euglenophyta. Most 
cyanobacteria are phytoplanktonic and toxic, and the high 
abundance of the genus Microcystis is recorded regularly. The 
density of phytoplankton is high and varies seasonally. The 
average density is 386.94.106 cells/mL, with cyanobacteria 
accounting for 95%. The investigations revealed that the toxic 
microalgae belonging to Microcystis (Microcystis aeruginosa, 
M. wesenbergii, M. botrys, M. paniformis) represent up to 
62% of the phytoplankton. Over the investigation period, 
several occurrences of high abundances of other toxic 
cyanobacteria were identified (Anabaena aphanizomenoides, 
Cylindrospermopsis raciborskii). The microorganisms are 
mostly concentrated on the sediment–water interface. The 
aerobic microorganisms are located about 1–5 cm deep and 
anaerobic microorganisms along with sulfate-reducing 
bacteria are found at a depth of about 3–20 cm in the mud. In 
the deeper layers of the sediment, microbial density decreases 
and remains relatively stable throughout the year.  
Before dredging, 31 species of zooplankton belonging to 
12 genera and 9 families were found in the lake. There were 
21 confirmed taxa of benthic organisms in the area. The 
prevalent species of benthic organisms in terms of biomass 
are the soft-bodied mollusks. In terms of density, the 
prevalent group is water insect larvae (Insecta) followed by 
annelid worms (Oligochaeta). Species of fish in the lake were 
not subject to significant variation, with 16 species and sub-
species identified in 1992 dropping slightly to 13–15 species 
by 2002–09. This can be explained by fish dying in the early 
hours of the morning due to the lack of oxygen in water. 
In order to study the effect of the planned dredging 
procedure, a test run was carried out in which 0.5 m of sludge 
was removed from an area of 1,000 m² by using the German 
SediTurtle® technology. The test run was accompanied by a 
scientific monitoring program comprising hydrophysical, 
hydrochemical, geophysical, limnological and biological 
investigations. The hydrophysical indicators initially showed 
that dredging does not affect the environment in terms of pH, 
temperature, conductivity, salinity or turbidity. Nutritious 
phosphorus in water is almost stable after the dredging 
procedure. The plankton revealed no significant changes to 
species composition during dredging and the microalgal group 
was still composed of mainly cyanobacteria. However, after 
sludge dredging, the density of the phytoplankton decreased 
sharply, which was mostly due to the reduction of the density 
of toxic cyanobacteria. In the sludge, although the total 
amount of aerobic and anaerobic bacteria did not vary 
significantly, other bacteria such as sulfate-reducing bacteria, 
T-coliforms and fecal coliforms were significantly reduced. 
Dredging hence eliminated a substantial amount of harmful 
microorganisms in the lake. No significant changes to the 
zooplankton or benthic organisms were observed during and 
after the test. The dredged sludge was treated in a dewatering 
facility and subsequently by aerobic fermentation methods to 
study its potential use as compost in agriculture. The test run 
and the scientific monitoring program showed that the 
German SediTurtle® desludging technology has only positive 
effects on Hoan Kiem Lake’s ecosystem. The outcome of the 
project showed that the technology is suitable for use on 
sensitive lakes like Hoan Kiem Lake. 
2.4. Investigations with the Fixed Bed Floating Reactor 
Detailed investigations regarding nitrogen release by the 
nitrogen species were carried out and published by [1]. The 
studies showed that nitrogen release may play a considerable 
role during desludging and must be monitored during any 
desludging procedure. 
As part of the joint project, IB Dr. Frank Panning 
investigated, verified, adjusted and adopted methods for the in 
situ treatment of tropical urban waters overloaded with 
nutrients and organic pollutions. A floating biofilter was 
developed and methods for the in situ remediation of water 
sediments were investigated. The reactor design is quite 
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simple, has no structural requirements, and is easy to handle. 
The reactor walls are made out of plastic film and its 
operation requires only low energy and maintenance costs 
(Figure 5). 
To develop a modular floating fixed bed biofilter system, 
textile fabrics with a biologically active surface of 23 m² per 
square meter of fabric were used as bio media. The active 
surface of the material can reach up to 600 m² per cubic meter 
of reactor volume. The system is capable of improving and 
managing the water quality of overloaded urban water bodies 
and aquaculture ponds. Moreover, it can increase the 
performance of sewage treatment plants such as activated 
sludge ponds as well as aerated and non-aerated wastewater 
lagoons. Organic substances and ammonium are metabolized 
and the mass balance of dissolved oxygen of water is 
improved. During the in situ experiments, daily degradation 
of 0.8 g NH4-N/m² (active surface) and 2.7 BOD g/m2 was 
achieved.  
During the testing phase in Hoan Kiem Lake, it was shown 
that methods of in situ sediment remediation can be used on 
tropical lakes, especially the in situ application of calcium 
nitrate and ferric hydroxide. 
  
 
Figure 5. The Floating Fixed Bed Bio Reactor: small pilot plant 
The direct application of highly concentrated calcium 
nitrate solution (40–50%) on and/or in the sediment surface 
affects in situ processes as follows:  
x Nitrate as oxygen donor brings about a positive ORP and 
in this context e.g. Fe2+ > Fe3+ 
x Phosphates and heavy metals are adsorbed due to the 
increase in ORP 
x Denitrification processes in sediment interstitial and in the 
water level above the sediment are initiated and 
accelerated; organic substances are degraded  
x The microbiological formation of hydrogen sulfide is 
inhibited 
x Existing hydrogen sulfide is degraded: H2S + NO3- Ö 
SO4
2- + N2 + H2O 
x The nitrate applied is metabolized and nitrogen is emitted 
as nitrogen gas (N2) 
x The application of ferric hydroxide (e.g. as suspension) in 
the water body and/or on sediment surface fixes 
phosphorous, heavy metals and hydrogen sulfide, and 
prevents phosphorous from being released by sediments. 
2.5. Sediment treatment and usage by composting 
The results in Table 1 show that the level of nutrients in the 
sludge is too low for microbial growth. Accordingly, any 
microbiological sludge treatment needs additional carbon-rich 
material (e.g. rice straw, peat, husks) as well as nitrogen and 
phosphorus. Such supplements also improve the structure of 
the sludge’s characteristics, facilitating better gas exchange in 
the pile. The organic matter has a major impact on the 
composting processes. 
 
Table 1: Analysis of Hoan Kiem Lake sludge after treatment with belt press 
equipment 
Indicator Unit Quantity 
Total microorganisms  CFU/g 1.5.106 
Total Coliform  MPN/g 1700 
Fecal Coliform  MPN/g 1400 
TOC  mg/g 72.3 
COD  mg/g 270 
Total nitrogen  mg/g 7.9 
Total phosphorus  mg/g 2.0 
Humidity  % 53.11 
 
Table 2: Analysis of sludge quality after 40 days composting 
Indicator Unit CT1 CT2 CT3 CT4 CT5 
pH - 7.0 7.0 7.0 7.0 7.1 
Humidity % 56.68 56.42 58.2 57.3 57.0 
OM mg/g 285 302 365 370 315 
TOC mg/g 74.2 150 250 226 170 
Total N mg/g 12.5 17.5 18.6 18.0 18.6 
Total P mg/g 3.5 4.15 4.23 4.10 4.12 
Cr mg/kg 78.0 67.7 73.1 71.7 67.3 
Mn mg/kg 215 186.5 201.5 197.7 185.5 
Cu mg/kg 140 121.5 131.2 128.7 120.8 
Pb mg/kg 164 142 153.7 150.8 141.5 
Fe g/kg 19.5 16.92 18.28 17.93 16.82 
Zn mg/kg 589 511 552.1 541.6 508.1 
As mg/kg 12.3 10.7 11.5 11.3 10.7 
Fecal 
coliform 
MPN/g 1375 1050 310 450 870 
The results in Tables 1 and 2 show that:  
102   Le Hung Anh et al. /  Procedia CIRP  40 ( 2016 )  97 – 102 
x Hoan Kiem Lake sludge is not suitable for composting 
treatment. However, the addition of organic matter such as 
straw, peat, nitrogen, phosphorus and microorganisms 
leads to increased pile temperatures. The decomposition of 
organic matter as well as of the abundance of 
microorganisms is enhanced. The experiments showed that 
the best results are achieved when straw is used as 
substrate. 
x Higher temperatures in the pile lead to the reduced density 
of total coliform and fecal coliform owing to the increased 
development of the aerobic microbial organisms competing 
with weaker species. Another possibility is that higher 
temperatures deplete the growth of thermophiles. 
x The results of the analyzed compost after 40 days of 
incubation showed that the quality standards for compost 
as specified in Decision 100/2008/QD-BNN [7] could not 
be attained. Products cannot therefore be marketed as a 
standard complied commodity. Even so, the treatment 
described could be carried out in order to use the sludge for 
planting ornamental trees. 
3. Conclusion 
Thanks to the interdisciplinary approach of this project, the 
ecological state of Hoan Kiem Lake was assessed for the first 
time. The limnological investigations reflect that the lake is 
highly eutrophic with very high phosphate concentrations. It 
turned out that nitrogen is the limiting factor regarding 
phytoplankton growth. The study revealed that strong oxygen 
depletion and probably even anaerobic conditions in deep 
water layers in the very early morning hours before sunrise 
are likely. When convective mixing is depleted at nighttime, 
high ammonia concentrations with a pH exceeding 9 and the 
additional release of phosphates from the sediment can cause 
fish to die off as observed several times in recent years. Thus, 
the depth of HKL after desludging must not exceed about 1.5 
m to avoid the significant prolongation of periods with 
continuous thermal stratification and anaerobic conditions. 
The application and improvement of the geophysical 
methods, which were one of the objectives of the project, 
enabled the geological setting of the lake sediments to be 
analyzed and characterized. This technology is a key tool for 
identifying areas of desludging. The echo-sounding 
measurements confirmed that two thirds of the lake area has a 
free water column of less than 0.5 m and that the deepest free 
water column found was no more than 1.5 m. The distribution 
of sandy-loamy sediments recorded by the geoelectric survey 
yielded a base map for desludging. 
The pilot scale execution of desludging with the SediTurtle 
system significantly depleted the phytoplankton density, 
especially the toxic cyanobacteria. The physical 
characteristics remained almost constant. Particular attention 
must be paid to the release of nitrogen species from the upper 
sediment layer after the desludging procedure. 
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